ABSTRACT This study in 2006 estimated the hepatitis B virus (HBV) vaccination coverage in the Islamic Republic of Iran at the national and district levels in urban, rural and remote populations of 41 university health service areas. Of 21 905 children recruited to the study, vaccination coverage based on vaccination card records was 100% in 14, 15 and 10 of the 41 university areas for the 1st, 2nd and 3rd doses of HBV respectively. National levels of HBV1, HBV2 and HBV3 coverage were 98.9%, 98.8% and 98.4% respectively. The lowest HBV vaccination coverage rate was 90.7% (in a remote district). HBV vaccination coverage was at an acceptable level in Iranian children. 
Introduction
Hepatitis B virus (HBV) infection is a global health problem. There are approximately 350 million chronic hepatitis B surface antigen (HBsAg) carriers in the world [1] , an estimated 75% of whom live in developing countries [2] . Asia and Africa have previously been classified as areas of high endemicity for HBV. In the Eastern Mediterranean region and surrounding countries, Bahrain, Islamic Republic of Iran, Israel and Kuwait are areas of low endemicity, Cyprus, Iraq and the United Arab Emirates have intermediate endemicity, while Egypt, Jordan, Oman, Palestine, Yemen and Saudi Arabia have high endemicity. All of these countries reach a large proportion of their population with HBV vaccination, which is reducing the infection rate, particularly in Saudi Arabia [3] .
The prevalence of HBsAg among Iranian voluntary blood donors has decreased from 1.8% in 1998 to 0.4% in 2007 [4] . These carriers constitute a major health problem in the Islamic Republic of Iran. In the absence of an effective therapy, universal immunization of infants is the only strategy that will lead to the control and eradication of HBV infection [1] . HBV vaccination was added to the Iranian Expanded Programme on Immunization (EPI) in 1993 [5] . In practice, however, the EPI may be affected by factors such as changes in government and public health priorities. Regular monitoring and periodical evaluation is the best way to assess the completeness and effectiveness of HBV vaccination. For this reason, vaccination coverage surveys have been recommended by the World Health Organization (WHO) [6] . During the 1980s and 1990s many countries were interested in estimating their level of immunization coverage, either nationally or subnationally [7] .
There are few data about HBV vaccination coverage in the Islamic Republic of Iran, especially at national level and the last reported study was in 1997 [8] . We conducted this study to evaluate the coverage of HBV vaccination at the national and district levels in urban, rural and remote populations of university health service areas.
Methods

Subjects
All Iranian children aged 15-26 months living in the Islamic Republic of Iran during the study year (2006) were included in the survey. Children not receiving vaccine due to contraindications were excluded.
Sampling method
According to WHO methods for sample size calculation for vaccine coverage surveys [6] , we needed 210 children aged 15-26 months. Each Iranian child lives in a health service area belonging to one of the 41 medical universities in the country. In each university area, 3 sub-districts were defined according to access to primary care services; urban, rural and remote. Therefore, 630 children were required in the area covered by each university. The population of remote districts was very small in some university areas and there were no remote populations in other districts; therefore, we used finite population correction to calculate the corrected sample size in these populations.
Using cluster sampling [6] , we defined 30 clusters of 7 participants in each in the 3 sub-districts of the university health service areas. To identify clusters, we obtained the list of all households in each population (urban, rural and remote) from the deputy of health in all 41 university areas based on the last health census [Deputy of Health, Ministry of Health and Medical Education, unpublished report, Health Census Report, 2005] . To find the first household of each cluster we used systematic random sampling from a cumulative list of households in each district. The sampling interval was calculated from the number of clusters in each area divided by the total number of households in the district. The first household of the first cluster was identified by randomly selecting a number between 1 and ≤ sampling interval. The first household of the second cluster was located by adding the sampling interval to the random number. For subsequent clusters, we identified the first household by adding the sampling interval to the running total. The right side neighbour (clockwise direction) of the first household in each cluster was selected as the second household of that cluster. We continued this process until we had identified 7 subjects in each cluster. In the case of households with more than 1 child aged 15-26 months we selected only the youngest one. In households with twin eligible children, 1 of them was selected randomly.
Data collection
A structured questionnaire to collect sociodemographic and vaccination status data was completed for each of the selected children. The questionnaire was designed by immunization experts at the national level and 2 epidemiologists. Interviews with households were carried out by immunization or communicable diseases experts from the local university. The experts were trained by epidemiologists at the national level. The data quality was assured by developing a documented study protocol and manual of operation. National supervisors monitored the data gathering phase using documented checklists.
EPI services are only carried out by the public sector in the Islamic Republic of Iran. At the first visit to a health centre or health house, a new immunization card is completed for each child and all EPI vaccines (types and dates) are documented on the card. The card is kept by the child's mother. Retention rates of the immunization card were noted as the percentage of individuals with a card at the time of the survey.
The coverage levels were recorded for the 1st, 2nd and 3rd doses of HBV (HBV1, HBV2 and HBV3 respectively). Two measures of HBV vaccination coverage were used. Record-based coverage was based only on the vaccination card records. Record- and recall-based coverage was based on the records plus mothers' recall in interviews in cases where the vaccination record card had been lost.
In the pilot phase, agreement between the record dates (record-based immunization date) and mother's recall (recall-based immunization date) was assessed. The kappa statistics for all vaccines ranged from 0.76 to 0.89 and was 0.86 for HBV vaccine.
Data analysis
Proportions and 95% confidence intervals (CI) were calculated using SPSS, version 13 and STATA, version 8/SE software. Primary sampling units was used to consider the design effect in interval estimation of immunization coverage. Because the population distribution in the urban, rural and remote districts was not the same in each university area, and because the proportion of the national population varied between university areas, we used weightings in the estimation of immunization coverage in each university area and at the national level.
Results
We recruited 21 905 children to the study. The mean age was 20.6 [standard deviation (SD) 3.5] months and the male to female ratio was 1:1.09. The proportions of urban, rural and remote sample sizes were 41.5%, 39.5% and 19.0% respectively. Retention of the immunization card was 97.8% at the national level. This varied from 80.5% (Zabol) to 100% (Eastern Azerbaijan and Jahrom). The proportion of children who did not receive any EPI vaccines was very low, 0.02% nationally. Table 1 shows the number of vaccinated children and the weighted percentage coverage in the 3 sub-districts in each university health service area and the total (national) level of vaccine coverage, based only on vaccination records,. The national vaccination coverage levels of HBV1, HBV2 and HBV3 were 98.9%, 98.8% and 98.4% respectively.
Record-based vaccination coverage of HBV1 in 14 of 41 university health service areas was 100%. Fars and Sabzevar had the lowest coverage (around 96%). Remote districts of Ilam and Kerman had the lowest HBV1 coverage in all areas (Table 1) . Based on records and mother's recall, HBV1 vaccination coverage in most university areas was 100% and the HBV1 vaccination coverage at national level was 99.0%.
Record-based HBV2 vaccination coverage in 15 of 41 university health service areas was 100%. Fars and Sabzevar had the lowest coverage, around 96% (Table 2) . Among the subdistricts, the vaccination coverage in remote districts of Ilam and Kerman was the lowest. Based on records or recall the HBV2 vaccination coverage in national level as well as in most university areas was about 100%.
Our results showed that recordbased HBV3 vaccination coverage in 10 of 41 university health service areas was 100% (Table 3) . Fars, Sabzevar and Qom had the lowest coverage (around 96%). Remote populations of Ilam, Kerman and Hormozgan had the lowest coverage among the sub-districts. Based on records or recall HBV3 vaccination coverage in 16 university areas was 100% and the national level was 99.6%.
Discussion
This survey assessed coverage of vaccination against HBV in Iranian children from routine immunization data in the government health system. The results showed that the national levels of HBV1, HBV2 and HBV3 coverage in the Islamic Republic of Iran were 98.9%, 98.8% and 98.4% respectively. The dropout rates for the 2nd and 3rd dose of HBV were 0.1% and 0.4% respectively. The lowest HBV immunization coverage rate of Iranian infants was 90.7% (in a remote area).
Until now, no national immunization survey has been carried out in the Islamic Republic of Iran. Some local surveys in different provinces of the country have been carried out with different methodologies and samples. In Kerman province (south-east of the country), among tribal children aged 12 months, complete HBV coverage (card-based records only) was 46.5% at 2001 [9] . The HBV coverage rates in Kohgelooye province (south-east of the country) of children aged 0-12 months were 99.8%, 99.0% and 92.7% for 1st, 2nd and 3rd doses of HBV respectively in 2000-01 [10] . In western urban areas of Tehran, HBV1, HBV2 and HBV3 coverage rates were 99.1%, 97.0% and 92.0% respectively in 1998 [8] . In 1999, the national infant HBV coverage rate was estimated as 93% for the whole Islamic Republic of Iran [11] . The national vaccination coverage for HBV1, HBV2 and HBV3 was 99%, 100% and 98.4% respectively [12] . The results of the current study show that latest HBV vaccination coverage rates were 98.9%, 98.8% and 98.4% and that coverage has improved in most provinces compared with previous surveys. The coverage rate in remote areas has greatly improved, leading to declining disparities in vaccination coverage.
The coverage rate of the 3 recommended doses (HBV1, HBV2, HBV3) is high in the Islamic Republic of Iran compared with other Asian countries. The vaccination coverage in the southeast Anatolia region of Turkey was 44% for the 3rd dose of HBV vaccine in children aged 12-23 months [13] . According to data from the United Nations Children's Fund (UNICEF), the rate of 
Tehran province population was divided by 3 areas covered by Tehran University of Medical Sciences (TUMS), Iran University of Medical Sciences (IUMS) and Shahid Beheshti University of Medical Sciences (SBUMS). b
Weighted proportions. There is some evidence that premarriage prevention of HBV transmission in Islamic Republic of Iran is a cost-effective strategy [27, 28] . Administration of HBV vaccine at the time of marriage prevents the transmission of HBV in susceptible spouses [29] . This could be applied in other the countries with cultural backgrounds similar to ours.
‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫السابع‬ ‫املجلد‬ ‫الثاين‬ ‫العدد‬
Mothers' recall may be not a valid and reliable source for assessing vaccine coverage. Fortunately, more than 95% Iranian children had an immunization card at the time of our survey. Nevertheless, a pilot study showed that agreement between mothers' recall and the immunization card was acceptable. Unavailability of mothers may be a source of selection bias. Interviewing in mother's home and performing 3 visits helped to minimize this area of bias.
In summary, the study showed the HBV vaccination coverage was at an acceptable level in Iranian children. Disparity of the vaccine coverage was very low across university health service areas and urban, rural or remote district.
